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Abstract: Praseodymium(Pr 3+ )-doped fluorotellurite glasses were synthesized and broadband photoluminescence (PL) covering a wavelength range from 1.30 to 1.67 µm was observed under both 488 and 590 nm wavelength excitations. The broadband PL emission is mainly due to the radiative transition from the manifolds Pr 3+ :
1 D 2 to 1 G 4 . The PL line-shape, band width, and lifetime were modified by the Pr 3+ dopant concentration, and a quantum efficiency as high as 73.7% was achieved with Pr 3+ dopant in a low concentration of 0.05 mol%. The good spectroscopic properties were also predicted by the Judd-Ofelt analysis, which indicates a stronger asymmetry and covalent bonding between the Pr 3+ sites and the matrix lifgand field. The large stimulated emission cross-section, long measured lifetime, and broad emission bandwidth confirm the potential of the Pr 3+ -singly doped fluorotellurite glass as broadband luminescence sources for the broadband near-infrared optical amplifications and tunable lasers. 
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Introduction
Recently, the expansion of the transmission window of silica fibers to a broader range of 1.2~1.7 µm makes it attractive to explore superbroadband luminescence sources for the broadband near-infrared(IR) optical amplifiers and tunable lasers operating in this expanded low loss window [1, 2] ) are good candidates for the optical amplifications at separate C-, L-, S-, E-, and O-bands in this expanded window, and considerable progress have been achieved [3] . To further improve the quantum efficiency, novel low phonon energy host (e.g., heavy metal oxide glasses and transparent glassceramics), rare earths codoping schemes (e.g., Er 3+ -Ce 3+ for the C-band optical amplification), dual-pump configuration, and nano-structures (e.g., silver nanoparticles) have been investigated [4] [5] [6] [7] [8] [9] [10] . The codoping scheme has been also demonstrated to be an effective approach to achieve broader emission, and broadband near-IR emission covering S + L-band has already been obtained in Er 3+ -Tm 3+ codoped systems [11] [12] [13] [14] [15] [16] . On the other hand, broadband near-IR luminescence peaking around 1.3 µm from the transition metal (TM) and heavy metal (HM) ions such as active bismuth (Bi), nickel (Ni), chromium (Cr), and lead (Pb) were investigated [17] [18] [19] [20] [21] [22] [23] However, the relatively stronger intrinsic absorption of the bismuth gallate glass at the short wavelength side (<500 nm) would result in a serious depression of the blue light pump efficiency. To overcome it, development of host matrix with higher transmission at blue wavelength region together with unique ligand field is necessary.
In this work, we report the observation of broadband near-IR luminescence extended from 1.30 to 1.67 µm in Pr 3+ -singly doped novel fluorotellurite glasses for the first time to our best knowledge. Tellurite-based glasses show high refractive index, low phonon energy, good mechanical properties and chemical durability [5, 25] . More significantly, near-IR tellurite glass fiber/waveguide amplifiers and lasers have been reported [9, 12, 29] . Some of fluorides were added to modify the local ligand field between the Pr 3+ and the host matrix. The high transparency at the short wavelength side (<500 nm) enables to improve the pump efficiency under blue excitation sources. The energy transfer processes involved are proposed and discussed, and the optical amplification is also evaluated.
Experimental
Pr 3+ -doped fluorotellurite glass samples were prepared by melting the well-mixed batches of high-purity chemicals with mol% composition of 3LaF 3 -4BaF 2 -4BaCO 3 -9ZnO-80TeO 2 -xPrF 3 (x=0.05, 0.1, 0.3, 0.5, and 1.0) following the procedures described in Ref [25] . For comparison, a sample without Pr 3+ doping was also prepared. The as-prepared glasses were cut and optically polished for optical measurements. The refractive indices of the glass samples were measured using a Metricon 2010 prism coupler and they are 2.068 and 2.013 at wavelengths of 632.8 and 1536 nm. The profile of the indices on wavelength was determined to be ( ) (the wavelength λ is in unit of nm) using Cauchy formula
[30]. The Raman spectrum of undoped glass sample was measured by a HORIBA Jobin Yvon HR800 Raman spectrometer with a 488 nm laser excitation source. The absorption spectra were recorded using a Perkin Elmer UV-VIS-NIR Lambda 19 double beam spectrophotometer. The visible and infrared photoluminescence (PL) spectra were recorded using a photomultiplier tube (PMT) and a near-IR PMT detector, respectively. The excitation sources were tuned from a continuous xenon lamp by a monochromator. The photoluminescence excitation (PLE) spectra were recorded using the same setup with a continuous wavelength xenon lamp as the excitation source. The emission decay curves were recorded using the same setup with a flash xenon lamp as the excitation source. All the measurements were carried out at room temperature. Figure 1 shows the optical absorption spectrum of the 0. The inset (b) of Fig. 1 shows the Raman spectrum of the undoped host measured using a 488 nm laser excitation. The maximum phonon energy is determined to be ~766 cm −1 by Gaussian fitting, which can be assigned to the stretching vibrations of TeO 3+δ polyhedral, and/or tellurium and non-bridging oxygen atoms in TeO 3 
Results and discussion
where e is the charge of electron, h is the Planck constant, n is the refractive index, λ is the wavelength of the transition, and J is the total angular momentum quantum number. The matrix elements used in calculation of S ed (aJ;bJ') in Eq. (1) 
emission band at the long wavelength side declines. Figure 2( . In deed, an intense emission at around 1.33 µm corresponding to this transition is observed under 996 nm wavelength excitation [see Fig. 2(c) To optimize the excitation wavelengths, the PLE spectra were measured at 1480 nm and are shown in Fig. 3(a) . It can be seen that, apart from the excitation at around 590 nm, broad excitation bands extending from 440 to 490 nm also have contributions to the near-IR emission. The excitation band corresponds to the manifolds ( 3 P 0,1,2 , 1 I 6 ), on which the energy can decay rapidly to the next lower emission level 1 Fig. 3(a) ]. The excitation band around 590 nm shows advantage, in particular, at higher Pr 3+ dopant concentration, is primarily due to the resonant excitation route by which the emission level Pr 3+ :
1 D 2 is populated directly. By comparing the PLE spectra with the absorption spectrum [see Fig. 3 (b) and the inset], it can be found that the absorptions in 440-490 nm wavelength region with respect to the 590 nm band is much more intense than that in the PLE spectra. This result indicates that there are some other dacays for the energy residing in the ( 3 P 0,1,2 , 1 I 6 ) manifolds. To further understand this phenomenon, the visible PL spectra under 445 nm excitation were recorded and are shown in Fig. 4 3 P 0 results in a decreasing change of the visible emissions. It can be observed in Fig. 4 that the blue wavelength emission gives a deeper decrease than the green and red emissions although they originate from the common level 3 3 P 0 . This is confirmed by the changes involved in the emission peak wavelength that presents a red-shift from 485 to 495 nm in this process, as shown in Fig. 4 inset (a) . In addition, the transition from the 3 P 1 to 3 H 4 may contribute to this blue emission considering the observation of a shoulder around 470 nm which decreases with the increasing of Pr 3+ concentration and nearly to be completely quenched when it reaches 1.0 mol%. This can be attributed to the process 
